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[54] Title of the Invention: Novel Azithromycin Crystals and Method for Their Manufacture 
[57] Abstract 

This invention relates to novel azithromycin crystals and to a method for their 
manufacture. 
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CLAIMS 

1. Novel azithromycin crystals characterized in that said crystals are short and columnar. 

2. A method for the manufacture of the azithromycin crystals described in Claim 1 which 
method includes: crystallization of azithromycin monohydrate in a water-soluble organic solvent 
and water. 

3. A method as described in Claim 2 in which the azithromycin crystals described in Claim 1 
are obtained by crystallizing azithromycin monohydrate in a mixture of a water-soluble organic 
solvent and water. 

4. A method as described in Claim 2 in which the azithromycin crystals described in Claim 1 
are obtained by first dissolving azithromycin monohydrate in a water-soluble organic solvent, 
after which it is again crystallized in water. 

5. A method as described in Claims 3 and 4 in which the molar ratio of azithromycin 
monohydrate : water-soluble organic solvent : water is 1 : 10-15 : 30-1500. 

6. A method as described in Claim 2 in which the water-soluble organic solvent is selected 
from methanol, acetone, N,N-dimethylformamide, N,N-dimethylformamide [sic], 
dimethylsulfoxide, cyclobutyl sulfone, hexamethyl phosphoryl amide, acetonitrile, dioxolane, 
ethylene glycol, dimethyl ether, piperidine and mixtures of them. 

7. A method as described in Claim 6 in which the water-soluble organic solvent is selected 
from acetone. 

8. A method for the use of the azithromycin crystals described in Claim 1 in preparing 
medicinal drug preparations which includes mixing the azithromycin crystals described in Claim 
1 directly with a carrier for a drug or vehicle to form standard medicinal drug preparations. 
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SPECIFICATION 

Novel Azithromycin Crystals and a Method for Their Manufacture 

This invention relates to novel azithromycin crystals, a method for their manufacture and 
their use in various types of medicinal drug preparations. More specifically speaking, this 
invention relates to azithromycin crystals of superior fluidity and stability, a method for the 
preparation of said crystals and their use for preparing medicinal drug preparations. 

Azithromycin (chemical name: 9-deoxo-9a-aza-methyl-9a-homoerythromycin A) is an 
erythromycin derivative and is a broad-spectrum antibiotic. Azithromycin has a broader 
antibacterial spectrum than erythromycin, is resistant to acids and is suited to oral use. Its 
pharmacokinetic characteristics are ideal and superior. The structure of azithromycin is shown by 
formula I below. 




The azithromycin shown in formula I is a known compound. American patents US 4,474,768 
and US patent 4,517,359 disclosed a method for the preparation of azithromycin monohydrate. 
However, because of the hygroscopic properties of azithromycin monohydrate, it is very unstable 
when used in preparations and there are very great limitations in its clinical use. European patent 
EPO 298,650 disclosed an azithromycin dihydrate, which is more stable than azithromycin 
monohydrate, and a method for its manufacture. Because the azithromycin dihydrate that is 
prepared by this method is in a powdery state, it cannot be used directly in preparations. In 
addition, the tetrahydrofuran and C6-C7 aliphatic hydrocarbon reagents that are used in said 
method are comparatively expensive, the difference between the melting points of the 
tetrahydrofuran and C6-C7 aliphatic hydrocarbons is comparatively small, it is difficult to recover 
the solvents and it is difficult to control the water content in the products. 
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The objective of this invention was to find novel azithromycin crystals of better fluidity and 
stability and a simpler, more economical method of preparation. 

The inventors conducted broad-ranging and intensive research and unexpectedly discovered 
that azithromycin monohydrate underwent crystallization in a mixture of water-soluble organic 
solvents and water; that novel, short, columnar azithromycin crystals could be obtained in this 
way; that said crystals had superior fluidity and stability; and that they could be used directly in 
the preparation of medicinal drugs. This invention was perfected on the basis of this discovery. 

The first objective of this invention relates to a new type of azithromycin crystals. Said 
crystals are short, columnar crystals that have superior fluidity and stability and that can be used 
directly in the preparation of medicinal drugs. 

More specifically speaking, the novel azithromycin crystals of this invention contain 4 to 6% 
of water and have the X-ray diffraction characteristics indicated below. 
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Their infrared spectrum characteristics are indicated below: 

IRCcm" 1 ): 3429 (OH), 2969 (-CH 3 , -CH 2 , -CH-), 1728 (C=0), 1459 (-CH 3 , -CH 2 , -CH-), 1 183 
(C-O-C), 1050 (C-OH, -C-O-D). 

The stability tests of the novel azithromycin crystals of this invention are described in the 
examples that are presented subsequently. 

The second objective of this invention relates to a method of preparing the novel 
azithromycin crystals of this invention, which method includes crystallization of azithromycin 
monohydrate in a mixture of a water-soluble organic solvent and water. 

More specifically speaking, the method of this invention is to dissolve azithromycin 
monohydrate in a mixture of hot organic solvent and water, after which it is slowly cooled until 
crystals are precipitated, or to dissolve azithromycin monohydrate in an organic solvent, after 
which water is gradually added until crystals precipitate. The dissolution temperature of 
azithromycin monohydrate and the crystallization temperature of the novel azithromycin crystals 
of this invention are not critical and can be from room temperature to the boiling point of the 
solution. Priority is given to room temperature and a quantity of organic solvent with which the 
entire azithromycin monohydrate solution is completely dissolved as the standard and to a 
quantity of water whereby most of the crystals (greater than 78%) are precipitated as the 
standard, generally, azithromycin monohydrate : water (molar ratio) = 1:10-15: 30-1500. 
Finally, the crystals are filtered and are vacuum-dried at room temperature to a water content of 
4 to 6%. 

The water-soluble organic solvents that are used in the method of this invention are selected 
from methanol, acetone, N,N-dimethylformamide, N,N-dimethylformamide [sic], 
dimethylsulfoxide, cyclobutyl sulfone, hexamethyl phosphoryl amide, acetonitrile, dioxolane, 
ethylene glycol, dimethyl ether, piperidine and mixtures of them. 

The third objective of this invention relates to the application of the novel azithromycin 
crystals of this invention in the preparation of drug preprations which includes the direct use of 
the novel azithromycin crystals of this invention in the preparation of antibiotic preparations. 

The examples presented below are intended as further descriptions of this invention but do 
not limit this invention in any way. 

1. Stability tests: 

The novel azithromycin crystals of this invention (indicated by A in the following table) were 
allowed to stand at a relative humidity of 20% and a relative humidity of 90% and changes in the 
water content of the crystals were tested for at 0, 12, 24, 36, 48, 60 and 72 hours. The 
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azithromycin dihydrate crystals described in EPO 298,650 (indicated by B in the following table) 
were tested in the same way under the same conditions. The results are shown in Table 1 . 

Table 1 

Comparison of Stability of Azithromycin Crystals of This Invention (A) and the Azithromycin 

Dihydrate Crystals of EPO 298 5 650 (B) 
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From the data in Table 1 it can be seen that the novel azithromycin crystals of this invention 
of this invention are clearly superior in terms of stability to the azithromycin dihydrate crystals 
of EPO 298,650. 

2. Example of Preparation 

2.1 Preparation of azithromycin short columnar crystals of this invention 
Hygroscopic azithromycin monohydrate (100 g, water content 2.5%, prepared in accordance 
with U.S. Patent 4,474,768) was dissolved at 55°C in a mixture of 500 ml of acetone and 500 ml 
of water, the mixture that was obtained was cooled to room temperature within 1 hour and was 
allowed to stand for 5 hours, with crystals being precipitated. The crystals were filtered and 
collected, after which they were washed with acetone/water (1/2) 3 x 100 ml) and then vacuum 
dried at 20°C to a water content of 4.6 ± 0.2%, with 90.2 g of short, columnar target crystals 
being obtained. 

IR (KBr) (cm' 1 ): 3950, 3480, 2960, 1725, 1664, 1420, 1380, 1250, 1107, 1050, 803, 671. 
[a] 20 D = 45.0°C (G=2, anhydrous ethanol) 
Elemental analysis: 
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Theoretical values (%): C 58.14, H 9.77, N 3.57 
Determined values (%): C 58.28, H 9.80, N 3.56 

2.2 Preparation of azithromycin short columnar crystals of this invention 
Hygroscopic azithromycin monohydrate (100 g, water content 2.5%, prepared in accordance 
with U.S. Patent 4,474,768) was dissolved at 20°C in 500 ml of acetone, and 100 ml of water 
was added dropwise into the solution as it was being stirred within 1 hour. Following that, the 
solution was then stirred slowly for 5 hours, with crystals being precipitated. The crystals were 
filtered and collected, after which they were washed with acetone/water (1/3) 3 x 100 ml) and 
then vacuum dried at 25°C to a water content of (4.6 ± 0.3%), with 97.2 g of short, columnar 
target crystals being obtained. The infrared and elemental analysis data on said crystals were the 
same as in 2.1. 
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